Introduction
============

Upper gastrointestinal bleeding (UGIB) is a common condition, with an annual incidence ranging from 37 to 172 cases per 100,000 population. In the United States, UGIB is responsible for more than 300,000 hospital admissions per year, at an annual cost of \$ 7.6 billion [@JR1544-1] [@JR1544-2] [@JR1544-3] [@JR1544-4] . The most common etiologies are peptic ulcer (in 31 % -- 67 % of cases), erosive disease (in 7% -- 31 %), variceal hemorrhage (in 4 %-20 %), esophagitis (in 3% -- 12 %), malignancy (in 2 % -- 8 %), and Mallory-Weiss tears (in 4 % -- 8 %) [@JR1544-4] [@JR1544-5] .

Recent advances in clinical and endoscopic treatments have changed outcomes of UGIB [@JR1544-1] [@JR1544-6] . The most widely used therapies for non-variceal bleeding are endoscopic clips, injection therapy, thermocoagulation, and argon plasma coagulation, whereas band ligation and sclerotherapy are recommended modalities for variceal bleeding [@JR1544-7] . Despite such advances, some specific situations still pose a challenge when conventional endoscopic methods are employed [@JR1544-8] [@JR1544-9] [@JR1544-10] As a consequence, mean estimated rates of primary hemostasis failure and rebleeding after endoscopic treatment of UGIB are approximately 15 % and 25 %, respectively, with mortality rates as high as 14 % reported in some studies [@JR1544-4] [@JR1544-5] [@JR1544-7] [@JR1544-11] . Therefore, development of novel devices and products is particularly opportune. For example, three topical hemostatic powders have recently been added to the endoscopic armamentarium against UGIB: Ankaferd Blood Stopper (Ankaferd Health Products Ltd., Istanbul, Turkey); EndoClot (EndoClot Plus Inc., Santa Clara, California, United States); and TC-325 (Hemospray; Cook Medical, Winston-Salem, North Carolina, United States). Ankaferd Blood Stopper is an herbal extract, with an unknown mechanism of action that is widely used in Turkey (where it was developed) but has yet to be approved by the US Food and Drug Administration. EndoClot is an absorbable modified polymer that rapidly absorbs water from blood, thus concentrating red blood cells, platelets, and coagulation factors at the bleeding site, resulting in the rapid formation of a hemostatic layer. Finally, TC-325 is an inorganic, nonabsorbable, biologically inert mineral blend powder that is delivered directly to the bleeding area by a catheter introduced into the working channel of the endoscope with the aid of a pressurized CO ~2~ canister. When TC-325 comes into contact with moisture on the bleeding surface, it adheres to it, creating a mechanical barrier for hemostasis [@JR1544-6] [@JR1544-12] . Some data also suggest that TC-325 reduces coagulation time and promotes clot formation by absorbing blood components and activating the clotting cascade [@JR1544-13] . It has been largely employed worldwide and has become the main hemostatic powder used in daily practice.

Since its first use in humans in 2011, there have been several studies demonstrating that TC-325 shows promise for treatment of UGIB. However, because such studies have involved small patient samples, the precise efficacy and safety profile of TC-325 remains unclear. Therefore, given the large amount of information generated from a variety of studies, each of which, in isolation, provides a low level of evidence, we found it necessary to pool all of the available data, thus creating a more reliable body of evidence.

In this systematic review and meta-analysis, we evaluated the literature to determine the safety and efficacy of TC-325 hemostatic powder for treatment of UGIB. Our analyses were based on the initial hemostasis achieved, as well as the rates of rebleeding and adverse events.

Methods
=======

Protocol and registration
-------------------------

This study was registered in the International Prospective Register of Systematic Reviews database ( [www.crd.york.ac.uk/prospero/](www.crd.york.ac.uk/prospero/) ; registration number CRD42018109354). All steps were conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines [@JR1544-14] [@JR1544-15] .

Search strategy and study selection
-----------------------------------

Two reviewers, working independently, conducted thorough searches of the MEDLINE/PubMed, EMBASE, CENTRAL, and Latin-American and Caribbean Health Sciences Literature databases, as well as the gray literature, to identify articles describing initial hemostasis achieved with and rebleeding rates for the use of TC-325 in patients with UGIB. Any disagreement was resolved by consensus with a third reviewer. The search strategies are outlined in ( [Table 1](#TB1544-1){ref-type="table"} ).

###### Database search strategies.

  Database          Search strategy
  ----------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  MEDLINE           ((hemostatics OR powder OR hemospray OR TC 325 OR Endoclot))) AND (((((gastrointestinal OR non-variceal OR gastric OR stomach OR duodenum OR duodenal OR TGI) AND (hemorrhage OR bleeding)))) OR gastrointestinal hemorrhage)
  EMBASE            (\'hemospray\'/exp OR hemospray OR \'tc 325\' OR \'hemostatic powder\' OR \'endoclot\':ti,ab,kw) AND \[embase\]/lim
  CENTRAL           hemospray or TC 325 or \"hemostatic powder\" or endoclot in Title, Abstract, Keywords in Trials
  LILACS            tw:(hemospray)) OR (tw:(\"TC 325\")) OR (tw:(\"hemostatic powder\")) OR (tw:(endoclot))
  Gray literature   Annals of recent conferences and bibliographies of the principle studies selected

LILACS, *Literatura Latinoamericana y del Caribe en Ciencias de la Salud* (Latin-American and Caribbean Health Sciences Literature).

We selected articles published up to October 2018, in any format, that contained an abstract in English, Spanish, or Portuguese. We included full articles (clinical trials, cohort studies, and case series), as well as conference abstracts if they contained all of the necessary data. Case reports were excluded.

Eligibility
-----------

Articles were considered eligible if they described use of TC-325 in patients with UGIB. Articles describing use of a hemostatic powder other than TC-325 were excluded, as were those in which more than 25 % of patients in the sample had bleeding in the lower gastrointestinal tract, those in which the distinction between upper and lower gastrointestinal bleeding was unclear, and those providing insufficient data for analysis.

Qualitative analysis of comparative studies
-------------------------------------------

Data from comparative studies (cohort studies and clinical trials) were collected, and a qualitative analysis was performed for each such study. We assessed risk of bias using the Jadad scale for clinical trials and the Newcastle -- Ottawa scale for cohort studies [@JR1544-16] [@OR1544-17] .

Data extraction and evaluation
------------------------------

Data were collected by using a customized Excel spreadsheet structured to show population characteristics and outcomes analyzed. For comparative studies, data related to the TC-325 group were selectively extracted.

Primary outcomes were initial hemostasis and rebleeding rates. Adverse events (AEs) were described as secondary outcomes. Initial hemostasis was defined as cessation of bleeding after TC-325 application, regardless of timing of the observation. All author definitions of rebleeding were accepted, regardless of length of the follow-up period and whether follow-up evaluations were performed clinically or endoscopically. If follow-up evaluations were performed at more than one time point, we considered the data for post-procedure Day 7, because it was the most common time point evaluated.

Initially, overall primary outcomes were analyzed. We then performed a subgroup analysis by etiology (peptic ulcer, malignancy, or variceal hemorrhage) and by the category of the treatment (e. g., primary -- if it was used as a first-line therapy or monotherapy -- or rescue -- if standard treatments had failed to achieve hemostasis). Additional analyses were performed for patients undergoing anticoagulant treatment (with oral anticoagulants or antithrombotic agents), in prophylactic or therapeutic doses.

Data analyses and evaluation of biases
--------------------------------------

We employed the Comprehensive Meta-Analysis software, version 3 (Biostat Inc., Englewood, New Jersey, United States) [@OR1544-18] , and the results are expressed as relative values and ranges. The software imposes certain restrictions for specific subgroup analyses. Therefore, studies with a subgroup comprising only one individual could not be analyzed and were excluded from the subgroup analyses. All AEs were reported individually (i. e., were not pooled). Finally, risk of bias was assessed using the checklists provided in Joanna Briggs Institute Critical Appraisal Tools [@OR1544-19] . A risk of bias was not considered a criterion for exclusion.

Results
=======

Study selection and characteristics
-----------------------------------

We identified 2077 records after removal of the duplicates ( [Fig. 1](#FI1544-1){ref-type="fig"} ). Of those, 70 articles met the inclusion criteria and were full-text assessed for eligibility. We excluded 20 articles, for one of the following reasons: use of other hemostatic powders; no clear distinction between upper and lower gastrointestinal bleeding; bleeding in the lower gastrointestinal tract in more than 25 % of the patients in the sample; incomplete or illegible data; and use of the same cases in more than one article. Therefore, the final sample comprised 50 studies (20 -- 69), all of which were included in the quantitative synthesis.

![Flow diagram of the article selection process.](10-1055-a-0977-2897-i1544ei1){#FI1544-1}

Of those 50 studies, 28 (56 %) were conference abstracts and 22 (44 %) were full-text articles. As for the types of studies, 42 (84 %) were case series, four (8 %) were clinical trials, and four (8%) were cohort studies. As detailed in **Table 1s** in the online-only Supplementary material, the appropriate checklists were applied to all selected articles, and the median score was 7 (range, 2 -- 9).

Individual qualitative analysis of the comparative studies
----------------------------------------------------------

Kweak et al. [@JR1544-45] performed a randomized pilot study comparing TC-325 and the conventional combined technique (CCT) for endoscopic treatment of peptic ulcers. Ten patients were enrolled in each group. Hemostasis success was achieved in 9 of the patients in the TC-325 group and in all 10 of those in the CCT group ( *P*  = 1.0). In a second-look endoscopy performed on the following day, rebleeding was observed in 3 patients in the TC-325 group and in one patient in the CCT group at ( *P*  = 0.582). The Jadad score for the study was 3.

Chen et al. [@JR1544-32] presented, in abstract form, results of a randomized controlled trial comparing use of TC-325 and the standard of care (SoC) -- defined as traditional endoscopic, radiological, surgical, and interventional radiology approaches -- in managing gastrointestinal bleeding caused by malignancy. Twenty patients were randomized to treatment with TC-325 or SoC. Immediate hemostasis was achieved in 90 % (95 % CI: 59.6 -- 98.2) of the patients treated with TC-325 and in 40 % (95 % CI: 16.8 -- 68.7) of those treated with the SoC. Of the six patients in which the SoC failed, 5 (83.3 %) were crossed over and submitted to treatment with TC-325. Among those five patients, hemostasis was achieved with TC-325 in four (80 %; 95 % CI: 37.6 -- 96.4). None of the TC-325 patients crossed over to SC. Overall, treatment with TC-325 (initially or after SoC failure) resulted in hemostasis in 87.7 % of the patients (95 % CI: 62.1 -- 96.3). The rebleeding rate was lower in the TC-325 group than in the SoC group -- 22.2 % (95 % CI: 0 -- 56.1) versus 60 % (95 % CI: 23.1 -- 96.9). Other outcomes were not addressed in the abstract as published. The Jadad score for the abstract was 1.

In a randomized clinical trial, Ibrahim et al. [@JR1544-41] found that early application of TC-325 can change outcomes in patients with cirrhosis and acute variceal bleeding. Eighty-six patients were randomized to one of two groups: a study group, comprising patients submitted to immediate (urgent) endoscopy with TC-325 application within the first 2 hours after admission, plus the standard pharmacotherapy; and a control group, comprising patients treated only with the standard pharmacotherapy. At 12 to 24 hours after admission, patients in both groups were submitted to elective endoscopy. At that time, patients with esophageal varices underwent endoscopic band ligation and those with gastric varices underwent endoscopic cyanoacrylate injection. Whenever necessary, patients were submitted to rescue endoscopy. Five patients in the study group required rescue endoscopy before post-admission Hour 12 -- due to uncontrolled spurting bleeding (in four cases) or early bleeding recurrence (in one). Of the 43 control group patients, 13 (30 %) required rescue endoscopic intervention for failure to achieve clinical hemostasis, compared with only five (12 %) of the 43 study group patients ( *P*  = 0.034). Therefore, clinical hemostasis was achieved in 38 of the study group patients and in 30 of the control group patients. However, in the subsequent elective endoscopy, hemostasis was maintained in all 38 patients in the study group, whereas all 30 of the patients in the control group presented either active bleeding or fresh blood in the stomach. Within the first 5 days after elective endoscopy, rebleeding was observed in three control group patients and in none of the study group patients. Within the first 6 weeks, one study group patient and five control group patients died from UGIB. The Jadad score for the study was 3.

An abstract authored by da Costa Martins et al. [@JR1544-21] presented preliminary results of a randomized controlled trial comparing the efficacy of TC-325 with that of optimal clinical treatment in management of UGIB caused by malignant lesions. Eighteen patients were enrolled in each group. Successful initial hemostasis was achieved in all of the TC-325 group patients. Need for additional treatment was similar in both groups. There were no statistical differences between the TC-325 and control groups in terms of the 30-day rebleeding rate (61.4 % vs. 38.9%; *P*  = 0.502) or the 30-day mortality rate (27.8 % vs. 22.2 %; *P*  = 1.00). The Jadad score for the abstract was 1.

Cohort studies
--------------

In one of the cohort studies selected, Holster et al. [@JR1544-62] compared outcomes of TC-325 treatment between patients receiving and not receiving antithrombotic therapy (ATT). Initial hemostasis after TC-325 application was achieved in five of the eight patients (63 %) on ATT and in all eight of the patients not on ATT ( *P*  = 0.20). Rates of rebleeding within 7 days were similar between the two groups (37.5 % vs. 25.0 %; *P*  = 1.0).

In another cohort study, Pittayanon et al. [@JR1544-51] evaluated outcomes in 20 patients with active UGIB caused by a tumor: 10 patients in whom hemostasis was achieved with TC-325 treatment; and 10 matched historical controls (patients treated with conventional endoscopic techniques). Outcomes were only slightly better in the TC-325 group than in the control group: additional intervention during first 10 days (0 % vs. 30 % \[no *P* value provided\]); 14-day rebleeding rate (10 % vs. 30 %; *P*  = 0.60); and 30-day mortality rate (10 % vs. 30 %; *P*  = 0.70).

Sinha et al. [@JR1544-50] compared outcomes of 20 patients with Forrest IA or IB ulcers who underwent TC-325 treatment as an adjunct to conventional hemostatic measures with those of a previous cohort of 20 patients who had received conventional therapy only. Initial hemostasis was achieved in 19 (95 %) of the TC-325 group patients and in 16 (80 %) of the control group patients. Within the next 7 days, 19 TC-325 group patients and 16 control group patients were reevaluated and rebleeding was observed in three (15.8 %) and four (25.0 %), respectively. The 30-day gastrointestinal bleed-related mortality rate was 5 % in the study group and 15 % in the control group.

In the fourth cohort study selected, Thomson et al. [@JR1544-40] evaluated pediatric patients with non-variceal UGIB, comparing outcomes in a group of 17 patients with ages ranging from 1 day to 16 years who were treated with TC-325 with those reported for a historical cohort of 29 children previously treated with conventional endoscopic techniques. Initial hemostasis was achieved in 100 % of the patients in both groups. Rebleeding within 72 hours was observed in three (18 %) of the 17 TC-325 group patients and in seven (24 %) of the 29 control group patients ( *P*  = 0.69). No AEs were reported.

All of the cohort studies had a low risk of bias, as assessed with the Newcastle -- Ottawa Quality Assessment Scale. The results of that assessment are outlined in [Table 2](#TB1544-2){ref-type="table"} .

###### Newcastle -- Ottawa Quality Assessment Scale results for the cohort studies evaluated.

  Study                            Selection   Comparability   Outcome
  -------------------------------- ----------- --------------- ---------
  Holster et al. [@JR1544-62]      ♦♦♦         ♦               ♦♦♦
  Pittayanon et al. [@JR1544-51]   ♦♦♦         ♦♦              ♦♦♦
  Sinha et al. [@JR1544-50]        ♦♦♦♦        ♦♦              ♦♦♦
  Thomson et al. [@JR1544-40]      ♦♦♦♦        ♦♦              ♦♦♦

Quantitative synthesis (meta-analysis)
--------------------------------------

### Patient characteristics and sources of bleeding

The collective sample size was 1445 applications of TC-325 in 1437 patients. Although not all articles reported complete demographic data, median patient age was 60 years (range, 6.5 -- 77.5 years) and there was a predominance of men. Bleeding scores indicated a high risk in all of the patients, approximately a quarter of whom were using anticoagulant drugs. Patient characteristics are outlined in [Table 3](#TB1544-3){ref-type="table"} .

###### Demographic characteristics and bleeding risk in the patient samples of the studies selected.

  Characteristic        Articles reporting   Sample size   Result **[1](#FN1544-1){ref-type="table-fn"}**
  --------------------- -------------------- ------------- ------------------------------------------------
  Age (years), median   41                   1216           60
  Males/females, n/n    41                   1291          870/421
  Anticoagulant, %      18                    708           25.9
  Risk score, median                                       
  Blatchford             9                    223           10.8
  Rockall                6                    239            7.8

Medians were calculated as the simple average of the medians reported in all of the articles reporting.

Causes of UGIB were clearly described in almost all of the articles ( [Fig. 2](#FI1544-2){ref-type="fig"} ): malignancy, in 422 cases; post-endoscopic procedures, in 149; ulcers, in 492; esophageal varices or esophageal band ligation, in 117; and benign lesions, in 265. There were also six cases in which the TC-325 application had to be repeated and the source of the bleeding was not specified by the authors.

![Proportional distribution of causes of upper gastrointestinal bleeding reported among the articles selected.](10-1055-a-0977-2897-i1544ei2){#FI1544-2}

### Hemostasis and rebleeding

Observation time for confirmation of initial hemostasis was noted in 18 articles, ranging from immediately after TC-325 application (no need for additional observation) to 5 minutes after verification of the initial hemostasis (8 articles). Means and timing of the assessment of rebleeding were described in 39 articles. Time from the procedure to the follow-up evaluation ranged from 12 hours to 3 months, most commonly 3 days (in 9 studies), 7 days (in 15 studies), and 30 days (in 13 studies).

Initial hemostasis was analyzed in all 50 articles (in 1445 applications of TC-325), and rebleeding was assessed in 47 articles (in 1275 patients). The overall pooled initial hemostasis rate was 90.7 %, and the pooled rebleeding rate was 26.2 %. The respective forest plots for those meta-analyses are shown in **Fig.1s** and **Fig. 2s** in the online-only Supplementary material.

The available data on etiology allowed subgroup analyses for peptic ulcers, neoplasms, and esophageal varices. Twelve articles reported initial hemostasis data on peptic ulcer cases, totaling 239 applications of TC-325. Rebleeding was reported in 11 articles, including a collective total of 208 patients. The overall pooled initial hemostasis rate was 91.5 %, and the pooled rebleeding rate was 33.1 %. The respective forest plots for those meta-analyses are shown in **Fig. 3s** and **Fig. 4s** .

For UGIB related to malignancy, the initial hemostasis rate was assessed in 16 articles, collectively including 315 applications of TC-325. Fifteen articles reported data on rebleeding rates, with a collective sample of 301 patients. The overall pooled initial hemostasis rate was 94.9 %, and the pooled rebleeding rate was 30.3 %. The respective forest plots for those meta-analyses are shown in **Fig. 5s** and **Fig. 6s** .

Five articles, collectively including 86 applications of TC-325, assessed primary hemostasis for variceal bleeding. Only in two cases band ligation was performed at the same time of the powder application. Four of those articles, with a collective total of 80 patients, reported data on rebleeding rates. The overall pooled initial hemostasis rate was 90.4 %, and the pooled rebleeding rate was 4.2 %. The respective forest plots for those meta-analyses are shown in **Fig. 7s** and **Fig. 8s** .

Regarding the category of treatment, two different subgroups were analyzed: primary therapy and rescue therapy. Twenty-six articles, evaluating a collective total of 555 applications of TC-325, described the initial hemostasis rate after use of TC-325 as primary therapy, and 22 of those articles assessed rebleeding rates in a collective total of 471 patients. The overall pooled initial hemostasis rate was 89.6 %, and the pooled rebleeding rate was 24.9 %. Respective forest plots for those meta-analyses are shown in **Fig. 9s** and **Fig. 10s** . Thirteen articles, with a collective total of 273 applications of TC-325, assessed initial hemostasis after use of TC-325 as rescue therapy, and 12 of those articles, collectively including 252 patients, reported rebleeding data. The overall pooled initial hemostasis rate was 93.2 %, and the pooled rebleeding rate was 43.6 %. The respective forest plots for those meta-analyses are shown in **Fig. 11s** and **Fig. 12s** . The results are outlined in [Table 4](#TB1544-4){ref-type="table"} .

###### Rates of initial hemostasis and rebleeding after treatment with the hemostatic powder TC-325.

  Usage                Initial hemostasis    Studies included   Rebleeding            Studies included
  -------------------- --------------------- ------------------ --------------------- ------------------
  General              90.7 (88.7 -- 92.3)   50                 26.2 (23.7 -- 29.0)   47
  Peptic ulcer         91.5 (86.6 -- 94.7)   12                 33.0 (26.6 -- 40.2)   11
  Neoplasm             94.9 (91.7 -- 97.0)   16                 30.3 (25.2 -- 35.9)   15
  Esophageal varices   90.4 (80.3 -- 95.6)    5                  4.2 (01.3 -- 12.3)    4
  Primary therapy      89.6 (86.2 -- 92.3)   26                 24.9 (20.6 -- 29.7)   22
  Rescue therapy       93.2 (88.9 -- 96.0)   13                 43.6 (37.3 -- 50.2)   12

Four articles, involving a collective total of 32 patients, reported data on efficacy of TC-325 in patients on anticoagulation therapy (oral anticoagulants or ATT), in prophylactic or therapeutic doses. Only primary hemostasis was reported. The overall pooled initial hemostasis rate was 92.3 %. Forest plots for that meta-analyses are shown in **Fig. 13s** .

Adverse events and equipment failure
------------------------------------

Among the articles selected, a total of only eight AEs were reported, in 6 studies [@JR1544-25] [@JR1544-35] [@JR1544-42] [@JR1544-47] [@JR1544-57] [@JR1544-60] : perforation, in one case; adherence of the endoscope to the gastric cardia when TC-325 was applied in retroflexed view, in four cases; and events not directly related to the procedure, in three cases (1 case each of unexpected cardiopulmonary arrest, abdominal distention, and splenic infarction). However, there were 11 articles in which AEs were not evaluated.

Equipment failures were reported in eight articles. Among 427 applications of TC-325, the application catheter became blocked by the powder in 19 cases (4.45 %), the CO ~2~ propellant cartridge malfunctioned in one case (0.23 %), and the working channel of the endoscope became temporarily occluded in one case (0.23 %). In most of those cases, the problem was resolved by replacing the application catheter.

Discussion
==========

To our knowledge, this is the first systematic review and meta-analysis of use of TC-325 in digestive endoscopy, thus representing the most reliable source of evidence available to date. Although Chen et al. [@JR1544-6] published a similar study in 2015, it included a collective total of only 195 cases and did not include a meta-analysis. In addition, 43 eligible studies have been published since 2015.

Time from procedure to evaluation of the initial hemostasis varied little across the selected studies -- from immediately after TC-325 application to 5 minutes thereafter. The overall rate of initial hemostasis was 90.7 % (range, 88.7 -- 92.3 %). This outcome seems as impressive as those of other standard endoscopic therapies such as epinephrine injection, thermocoagulation, and hemoclip placement, for which reported rates of initial hemostasis are 95.1 %, 94.5 %, and 98.5 %, respectively [@JR1544-70] . However, the overall rebleeding rate after treatment with TC-325 was 26.2 % (range, 23.7 -- 29.0 %), which is higher than the 19.6 %, 13.3 %, and 9.5 % reported for epinephrine injection, thermocoagulation, and hemoclip placement, respectively [@JR1544-70] . One comparative study obtained similar results, for initial hemostasis and for rebleeding [@JR1544-45] . Given the higher rebleeding rates, active surveillance for rebleeding becomes more important than ever when TC-325 is used.

The high rates of initial hemostasis and rebleeding might be explained by the mechanism of action of TC-325, which adheres to the gastrointestinal wall, thus creating a mechanical barrier for hemostasis and inducing clot formation when coming into contact with moisture (i. e., blood). It is usually completely eliminated within 24 hours [@JR1544-13] [@JR1544-71] which suggests that it works better as a bridging therapy or damage control modality.

Comparing results obtained with use of TC-325 in treatment of UGIB among and between the articles evaluated, we found that the overall rate of initial hemostasis (90.7 %) was lower than the 95 %, 97 %, and 100 % reported in the earliest, largest, and most recent studies, respectively [@JR1544-20] [@JR1544-49] [@JR1544-63] whereas the overall rebleeding rate (26.2 %) was higher than that reported in the earliest and largest studies (10.5 % and 14.7 %, respectively), although it was lower than the 40.0 % reported in the most recent study. Such variations underscore the importance of performing a meta-analysis of the outcomes to obtain more precise results.

In the subgroup analyses of initial hemostasis, we found that, even when TC-325 was used as rescue therapy, there was a high rate of success in terms of the initial hemostasis. Application of TC-325 has produced favorable results in cases of uncontrolled bleeding after standard therapies, bleeding in hard-to-reach locations, bleeding caused by large ulcers, bleeding caused by tumors, large bleeding surfaces, and bleeding in other problematic situations [@JR1544-22] [@JR1544-33] [@JR1544-37] [@JR1544-43] [@JR1544-44] [@JR1544-57] [@JR1544-59] [@JR1544-62] [@JR1544-65] [@JR1544-72] [@JR1544-73] [@JR1544-74] . In additional analyses, we observed a similar (92.3 %) success rate in patients on anticoagulation therapy. Holster et al. [@JR1544-62] reported lackluster results with use of TC-325 in patients on ATT. However, those authors included only patients on ATT, whereas we considered those under treatment with oral anticoagulants or antithrombotic agents, in prophylactic or therapeutic doses, which could explain the discrepant results. Nevertheless, both results are promising and demonstrate that at least part of the mechanism of action of TC-325 is somewhat independent of any underlying hemostatic disorder and can be considered a therapeutic option in patients on anticoagulation therapy.

The analyses of rebleeding rates highlight two quite different results after TC-325 application. The rebleeding rate after use of TC-325 as a primary treatment for esophageal varices was very low (4.2 %; range, 1.3 % -- 12.3 %) and was associated with a low (3.6 %) mortality rate in the follow-up period. That could be explained by the short follow-up period after TC-325 application specially in the esophageal varices group. When necessary, standard therapy that is considered definitive (sclerosis or band ligation) was applied within 24 hours after treatment with TC-325. In one comparative study, Ibrahim et al. [@JR1544-41] showed that early application of TC-325 can improve outcomes for patients with acute variceal bleeding when added to standard therapy. In contrast, when TC-325 was applied as rescue therapy, the rebleeding rate was significantly higher (43.6 %; range, 37.3 % -- 50.2 %). That is probably related to the greater complexity of these cases, in which the standard therapy was not sufficient to stop the active bleeding.

Safety of the equipment was described in most of the studies selected. Only 11 provided no data on AEs. Among 1367 uses in the remaining 39 studies, only eight AEs were reported [@JR1544-25] [@JR1544-35] [@JR1544-42] [@JR1544-47] [@JR1544-57] [@JR1544-60] . In one study, the authors associated a case of gastric perforation with the pressure of applying TC-326 to the inflamed gastric wall, requiring immediately surgery. In four other cases, the gastroscope temporarily adhered to the wall of the esophagus during retroflexion when the TC-325 was applied, the problem being resolved in all four cases without serious damage to the mucosa. The three remaining AEs (unexpected cardiopulmonary arrest, abdominal distention, and splenic infarction) are unlikely to have been directly related to use of TC-325. In two experimental studies involving necropsies of animals after TC-325 use [@JR1544-75] [@JR1544-76] , there was no macroscopic or histological evidence of systemic embolization, bowel obstruction, or systemic coagulopathy, thus corroborating the hypothesis that the last three AEs described above were unrelated to use of the product. The comparative studies evaluated here found no difference between TC-325 and traditional endoscopic techniques in terms of occurrence of AEs [@JR1544-41] [@JR1544-45] [@JR1544-50] [@JR1544-51] [@JR1544-62] .

Of the 50 studies selected, only eight reported instances of equipment failure (n = 19). However, it is not possible to know if there were in fact few equipment failures or if the authors did not consider it a relevant aspect to be reported.

In emergency situations, such as when hemostasis is not achieved with traditional treatment modalities [@JR1544-47] , short-term hemostasis provided by TC-325 might provide the time required for cardiovascular stabilization; transfusion of blood products (packed red blood cells) or replacement of coagulation factors; spontaneous recovery of coagulation parameters in direct oral anticoagulant-treated patients, or further semi-elective radiological or surgical treatment. Therefore, the latest consensus guideline on non-variceal UGIB recommends the use of TC-325 as a rescue or temporary treatment in patients with active non-variceal UGIB that was not controlled by standard endoscopic hemostatic therapies, due to a lack of expertise on the part of the endoscopist or persistent bleeding after attempts with standard methods, as well as in patients with bleeding caused by upper gastrointestinal malignancy. However, the quality of evidence and the grade of recommendation were both low. The high hemostasis rates demonstrated in our study provide evidence to increase the grade of recommendation [@JR1544-77] [@JR1544-78] .

Given the promising results obtained with TC-325, some authors have enthusiastically attempted to summarize their findings into a few recommendations. Barkun et al. [@JR1544-6] proposed an algorithm for use of TC-325. In view of the new evidence provided by our study, we reiterate the ideal situations for use of TC-325, including uncontrolled bleeding after failure of conventional treatment modalities, bleeding due to malignancy, and variceal bleeding, adding to traditional modalities [@OR1544-79] . However, due to the paucity of comparative studies and despite the large number of cases of therapeutic success already described, it still seems too early to replace the traditional therapies with TC-325, either as monotherapy in lesions with a low risk of rebleeding after 24 hours or as an adjuvant therapy in those with a high risk of rebleeding after 24 hours, as suggested in the algorithm proposed. Further, it should be borne in mind that, unlike other modalities, use of hemostatic powder may impair immediate application of other methods in cases of continued bleeding because the bleeding site may no longer be visualized after application of the powder.

Our study has some limitations, mainly related to the low quality of information available in the literature. Most of the studies identified were conference abstracts, most were case series, most involved heterogeneous patient samples, and some contained incomplete information. We opted to include all available data in the literature to increase the size of our sample, thus making our results more representative of real outcomes seen in clinical practice. In addition, data related to need for surgery, need for interventional radiology procedures, and mortality were investigated but could not be adequately analyzed due to the limited data provided in most of the studies. Furthermore, there was pronounced variation in the means and timing of follow-up, time from the procedure to the follow-up examination ranging from 12 hours to 3 months. In 12 studies, timing of the follow-up examination was not specified. Such variation was also observed in the systematic review conducted by Chen et al. [@JR1544-6] . It might be explained by the wide variety of bleeding etiologies as well as by the descriptive and noncomparative nature of the studies, most of which had no clear protocols or eligibility criteria. Nevertheless, because our study does not intend to draw direct comparisons, heterogeneity of the follow-up does not seem to compromise our results.

In summary, this systematic review was comprehensive and had a strict methodology. It therefore provides the best source of evidence to date on use of hemostatic powder in UGIB. We found TC-325 to be safe and effective for use in most clinical situations. Although the lack of controlled and comparative studies still limits its use as a replacement for the standard treatment modalities, our results are promising. Future randomized controlled trials might support routine use of hemostatic powder in treatment of UGIB, especially in challenging cases.

Conclusion
==========

The hemostatic powder TC-325 appears to be a safe and effective treatment for UGIB. It is associated with a high overall rate of initial hemostasis, regardless of the etiology and whether it is used as primary or rescue therapy. However, it is also associated with high rates of rebleeding. Nevertheless, rates of AEs and equipment failure are extremely low.
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